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u_i A major problem area f or DOD electro—optical (EO) systems,
__j  from concept to operation, is the transmission losses due to atmo—

~~~ spheric gaseous and particulate constituents. Atmospheric effects on
high energy lasers are usually considered separately from those af—

c.~ 
fecting other EO systems such as target ranging, laser guidance,

~~~~ 
target designation, forward looking infrared, etc , This is because

~~~
. high energy lasers interact with the atmospheric medium dynamically,
• - 

changing its nature, while the performance of the remaining EO systems
is determined linearly from measurements of the components of the
losses, ic e . ,  absorption, scattering, and refractive effects0 How-
ever , measurements of these quantities plus additional information
such as values of meteorological parameters and identification by
absorbing constituents form the basis for nonlinear predictions of the
transmission of high energy laser energy as well0

In this paper we discuss in situ measurements of the absorp-
tion of infrared radiation primarily by atmospheric particulate mat-
ter 0 Absorption itself is of prime importance in determining the high
energy laser beam transmission losses, while for the E0 systems it is
simply additive with the scattering and refractive losses.

Absorption by particulates is currently a major concern
in both of the previously mentioned types of systems because this
quantity is highly variable with the meteorological and battlefield
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• conditions and has not been well identif ied in either composit ion or
magnitude~ It is known that particulate absorption can be o r d e r s  of
magnitude below the gaseous absorption. ior  c~ atnp 1e , t his is tvp ie-a l
for the IU; m “transmiss ion window” in a qu 1i’~;cent atmosp here. However
the particulate absorption can be cons iderably more than two orders of
magnitude above that due to gases for windy conditions. Fog and bat-
tlefield dis turbances  (including EU countermeasures) also represent a
relatively undefined but potentially strongly absorptive envi rou:ucn t
in terms of part iculate absorption.

Absorption and scattering, t he two additive components ot
ext inction for a homogeneous medium , have s imi lar  ft t i i o t i on a l  dependen-
c ies as described in the Lorenz—Mie theory . As a resu lt of this sitn i—
lar ttv , it is hi ghly probable that , if the absorp t ion  is well  known
and correlates well with the result calculated from pa rt i L ’ le counting
and s i.~ing measurements , the seat ter ing component can also be ac cu—
rate ly calculated on the same bas is .  Thus , even  when scat ter ing  as
well as absorption is important (as for EU systems) ,  measurem ents
whose exp licit function is to measure or pred ic t  the scat  t c r in~ are
less vital if the absorption is measured togethe r w i t h  the particle
densities as a function of 5j ~~e’.

Since atmospheric aerosols are known reqitenti 
~ 

to be I ra~,—
lie with respect to composition, e. ~~. , part Ic Ics wi th volatile conpo—
nents , it is important to measure their absorption in situ or , in
ot her words , without removing them iT row t he i r  natural etiv I ronmen t
Other reasons for the importance of in situ measurements are t h a t  t ie l—
ther the bulk properties of many atm o sp h e r i c  i’art ict ihi tes nor , on a
real—time basis , the chemical  c otitpos it I on of t tese part. I cu la t e’S dFC
known

~4e asurement of atmospheric part  Iou Lit c absorption in situ Is
d i f f i c u l t  and to date atmosp heric absor~ t Ion due to t h c~s~t11oue t t t  has
only been done d e f i n i t i v ely  by indirect techniques ( i—i) .  ilie ’ spec t r o—
phone ho lds promise fo r  making t l e ~se~ measurt inents cit r i c  t Iv , bv p.iss i ng
altogether measurements  of par  tic Ic shape , i ~‘ , and comp I cx r e t  r a c —
Live index,  This paper reports results obtained using a cal ibrated in
s itu spec trophone compared wi Lb resti Its  e . t  icu tat  e~d I rout near l y si nail—
tuneous titeasurcinen ts o f part  Ic I e s i -~ e di st r (bit t  ions for part icu late
samp les consist Ing of known a tinosp ite r Ic absorbing spec I i s  

~ 
repa F C L I

this laboratory. We believe these to he titi’ first ~iet Init ive _i_n s itu
measu rements  of •te ruso I absorpt ton wi th a spe c t rop liotie ( e

The spec t rop iton t ’ tee un Eq t ie was c o t to  c v d near l v  i Ce’ ut ut V

__________________________ by A l exand r i rah am Bell ( 
~ ) , but  app ii c i t  I otis  using laser  scstro Os
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• (with the advantages of high spec tral resolu tion and power densities)
first appeared in 1968 (6); absorption measurements on solids, liq-
uids, and gases have all been reported (7,8). Spectrophones of unique
design have been developed in this laboratory for gas and/or aerosol
measurements (9). Systems of high sensitivity (~0.OOl kin~~) have been
developed for measurements with pulsed sources (10) as well as with CW
sources (11), with or without windows, and for continuous flow—throug h
operation. Basic to these designs has been an acoustically isolated ,
resonant inner cavity without windows, which generally operates in a
longitudinal acoustical mode in response to the absorption signal.
The isolation thereby obtained effectively eliminates the window
noise, which has been represented as the perennial spectrophone prob-
lem.

A schematic of a microphone is shown in Figure 1, Within
this cavity, low—Q longitudinal acoustical modes are established in
the gaseous medium from the gaseous or particulate absorption signals.

TEFLON CARRIER CYLINDER MICROPHONE DIAPHRAM

______ PLATED BRASS OR
S S CYLINDER N PLATED BRASS

(outs !de electrode ) CONTAC T SPRING CLIPS

Figure 1. Components of cylindrical microp hone~

Spect rophone physical considerations and design parameters
have been discussed in a technical report  (9) ; but briefly, the vital
points arc that the spectrophone system must be designed to produce
signals proportional to the absorption coeff ic ient and must be linear
with power and be calibratable .~ Finally , this calibra t ion factor must
be independent of the optical wavelength. The accomplishment of these
qualities is discussed in the aforementioned report for gaseous ab-
sorpt ion, but the same requirements app ly to part iculate absorption
measurements. For the particulates , the above design criteria art’
manifested in the following concerns: time response of the s pec t ro—
phone to particulate matter , behavior of volatile comp onents , and
variation of the optical constants of the particles as a function of
particle temperature . Time respo nse fo r t he  particulate material

I
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• requires a very comp licated ca lculation for  precise resul ts  but ,
as simplified somewha t, provides an upper bound for the frequency of
the chopped signaL The spectrophone time response can be shown to
vary as the square of the particle diameter . The system parameters
were designed such that there is no significant net temperature in-
crease in the particle per on—off cycle of the beam. By keeping the
maximum particle temperature rise down (<30 C°) the latter two con—
cerns relative to spectrophone design are successfully treated . Tem-
perature rise in the illuminating beam as a function of particle
radius was calculated for three of the four substances studied to as-
sure that the design criteria are not violated .

These particle heating results are highly dependent in both
spectral form and magnitude on the complex refractive indices,~ For
example , water particle heating is quite constant as a f u n c t i o n  of
radius below about 2pm , decreasing slowly above that radius , while
particle heating for both quartz and anunonium sulfate were peaked w i t h
maximum temperatures much higher than for water droplets. The fourth ,
calcite, was such a weak absorber that in the 9~m—llii m region par-
ticle heating was not of concern0 Though these heating curves were
calculated , this type of information may be inferred from the spectro—
phone results. When absorption is strong , either beam power or be~ i~
power density is reduced to reduce heating.

For these absorption measurements , particles which had been
ground wi th  mortar and pestle were dispersed in a 0.5 m 3 environmen-
tal chamber,  Two methods of measurement were used. In one, two CW—
source spectrophones were used in a differential mode ( 12) ,  with one
spectrophone continuous ly samp ling ai r f r om the chamber and the other
sampling ambient air without the particles0 Or, if the absorp t ion
coefficients of only a few spectral lines were to be measured , a sin-
gle spectrophone might be used and the ambient values measured p r ior
to and checked following the measurement of dust absorption.

The predomin ant  ambient absorption at the wavelengths of the
CO2 laser used (9.2~im— l00 8pm ) was by water vapor; and , in fact , a
strong absorption (at R20, l0.247 pm) was used to cal ib rate the
spectrophone system for both gaseous and particulate absorption nea—
surements. For this purpose dew point sensors are always in operation
during absorption measurements ,

The measurement  procedure for dry particulates was general lv
to sample the contents  of the holding chamber repeatedly wit h the
spectrophone system , wi th a filter carousel device to collect pi rti—
d e s  on Nuclepore fi lters, and wi th a l ight—scattering ae roso l  coun ter

I. 
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dev e loped by Rosen (13). Scanning electron microscope photomicro—
graphs were subsequently taken of particles collected onto the fil-
ters; and these , together with the particle counter results , were used
to determine the form of the particle size distribution . The question
of the calibration of the particle counter m a y  be found elsewhere
(14 ,15). Here the counter , wh en operated , was used to obtain only the
tota l  c o n c e n t r a t i o n  of part ic les wi th  r adii  >O.l7~m.

A schematic o f the spectrophone optical path and particle
sampling apparatus is shown in Figure 2. The three sampling flow in-
lets shown , i.. ., to the fIlter carousel , to the particle counter , and
to the v e rt i ca l ly  mounted spectrophone , are in similar proximity and
orien tation in the actual system . For measurement of the absorption
by liquid droplets a larger chamber was constructed (~ l m 3 ) and ,

DETAIL OF FILTER CAROUSEL

SUPPORT SCREENS ROTATABLE DISC

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~
COUNTER 

_L1- FLOW - 

— 
\, TO FLOW ~IETE. R S’m’STE.P~ METER SYSTEM

______ 
1~~~~METE~~~

~if DUST SPECTROPHOt’~E

POWER METER

- -

~1 0PUMP I AIR SP€CTROPHOI’JE

- ~~~~~~~~~~~~~~ ~~~~~~~~~~~~ .- 

CO~
Y LASER BEAM

MtCROPHONE~

Fi gure 2. Arrangement of nwasuremnen t appara t us ~h mow i ug light scat-
t e r  ing p ar t  i d e  counter , f i l ter  pa r t i c l e  co t  I cc to r s (

~
) , and spec tro—

phone cu t awav . The Insert depicts a cross—sect ion~m I view of the fit-
ter carousel • To obtain a f i l ter sample , the tot) disk is ro ta ted  to
expose a l i te r ;  and the •I p p r o p r  ( a t e  ~‘a lyt’ to the I 1owmt~ter is opened.
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t bough the spec t rophone  ar i’ angem ent  is similar to tha t  described for
the d ry  particuiates , a commercial ~‘Kno llenberg ” p ar t  i ~le coun ter  is
used in p lace  of t he  Rosen coun te r  and a li quid  con ten t  mea surement
takes the place of t i m e  filter samp le  carousel .  In take  o r i f i c e s  for
each of these plus that of a dew point sensor are in close p r o x i m i t y
to each other. The dropl ets  a re generated by a commerc Li i  m i s t  gt m l e r —
ator

Indiv idual drop lets canno t be examined in th i s  case but ,
since t h ey  can be assumed to be q u i t e  spher ( c a l , the  p ar t i c l e  c o un t e r
is ex p ect ed  to be relat ivel y a c c u r a t e  since  cal  ibrat, ion can he per—
f o rm e d  using spherical particles having various r e f r ac t i v e  indices
(lh~~.

Several part ictmla te substances were selected f o r  aI) sorp t  ion
stud ies , the prime considera t  ion being rd evan ce  to the atmospheric
absorpt  ~on p r o b  I em Absorp t ion  studies f o r  p a r t i c u l a t e  q u a r t  .~~, cal-
cite , and am.m onium s u l f a t e  and pre liminary r e s u l t s  on l i q u i d  wat er
w i l l  be present ed in th is  p aper .

Quar t  was chosen because of the s t ron g  spec tr,m I depend ency
of the absorpt ion in the wavelength rcg ion for tIme l •msc r sour ce  used ,
time rc ,id v ava i l a b !  l i t  v of moa su re mne n t s on the  lxi 1k pr oper  t ies of tIme
m a t e r i a I , .11K1 i t s  s t a ble  (and mmml n imal lv hvgr osco~ ic ‘I n.m t t m r e  , in add i—
t ion to its f r e q u en c y  of oci ’mm r m’ emmce  and rd at  iv e~ v st rong •m h s o r p  t ion
withi n t im e ~~~~~~~ to II ~mn reg ion.

Mt.’asu remnent of the absorption of dust as a function of set—
t 1 [tm ~ t [me In time environmental chamber cf fec t ( v e t  v p rov ides  r e s u l t s
for a cont inu.mI lv chan ging  si :c di st i- i  b mi t Ion . ‘lime s t ron g  test i ’i cor-
relation between ca 1 c u t  a ted and measured t e e n  Its w • m an ob~ cc t ive ot
t h is p r o ce du r e  • I i  ~ure 3 shows spec t rop honc nm e . l s tmm’ cmcu t s and Lor en:—
~t [e pre d j e t  ions of the absolute Va iii~ of the ae m ’oso 1 absorp t ion coe t —

t Ic tent (in units of knr 1 ) as a function 01 time at t er the q u a r t
samnpl ‘ :; arc dispersed in the hold! n~ eh iamim b er .  To Ii lust,  r a t e  som e of
the  di f f i c i m  I t leo and shor tc omn ings of such a comp.m i’I son , pho tomic  i’ o—
gr •m p hm s of the q u a r t z  part ic l e f i l te r  samp 1~~s are shown in Fi gu r e
Lie ii of the samup les was coil  cc ted over  a 2— m imi  lu t e  rva 1 at  the  t i me s

and t i d e n t i f i e d  in Fi gur e  .1. The I .oreu:—>l i o cal en 1.m I ion s
of the  p a r t  ic  l~ mhso r p t  Ion cue ! m ( d e n t s  W d l L ’ m.m ~lt ’ f o m ’ p o l v d i sp e r s io n s
01 qu.m r t spheres of c m o o s — s e c t  m omm a 1 area  equ [va!  cu t  to t h ose mne.msured
on e n l a r g em e n t s  of the  p io ’ tom Ic  r o gr a p lis . The hi gh deg m ’ee o f Lu  u c mi—
Ia r i tv of t l i e p .m r t i c I c,; is m mmcd i a t  ci  v ap p a r e n t  ; thus , the  suppos it ion
tha t  part ic leo •m i- c Sp Ilt ~ m

. i e . ii  I s not •i ecu r a t e ’ • lo f n u t  her  comp l[~’ S i t  e
the  comp . i r i sous , c r v s t , m l  1 Inc  qu ar t .~ is b i m ’ e i m ’ in g c i i t , % s i t I m  d i s t i n c t  l v

0
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different indices of refraction f o r  the ordinary and extraordinary
rays. In accordance with the methods of Peterson and Weinnian (17),
the calculations fcr the ordinary and t’- -’ ~~aordinary rays were weighted
on a 2:1 basis. These calculations WCtt ,ased on the ob~~rved parti-
cle size distributions and the complex refractive index for bulk crys-
talline quartz as reported by Spitzer and Kleinman (18). For the cal—
culational approximations made, the agreement , which  is roughly within
a factor of 2, should be considered relatively close. It might have
bee t more appropriate to use spheres of equal volume in the calcula—

~~ns of pa rt iculate absorption , since the part icles were generall y
~mnal1 in comparison with the wavelength; however , quantitative esti-
mates of particle volumes from the photomicrographs were not possible.

That the absolute agreement (in magnitude but not in form)
of the spectrophone results and the predictions in Figure 3 is better
for the lO .31im than for the 9.4pm results is probably fortuitous.
The measured and predicted time dependencies , however , are quite close
for the results at both wavelengths . The slightly different decay
times for the two wavelengths are a result of the changing particle

- I size distribution; the agreement between the spectrophone measurements
and the predictions of the temporal changes in the part icle absorpt ion
at both wavelengths is encouraging.

A comparison of spectral dependencies of measured and pre—
dicted absorption is shown in Figure 5. The upper three traces are
predictions based on samples taken at times t 1 ,  t .~ , and t 3 ,  which were
previously identified in Figure 3 for different times in the settling
process after the ground quartz was dispersed into the holding chamber.

- .--~~~~~

Figure 5. Spectral dependence of the
absorption coefficien t of quart : dust

- as pred icted from particle

~‘x~’ \ optical properties by using Lorenz—MieI! I theory (absolute scale units of

using a spectrophone (relative scale, 
.

‘

I V ‘. .. ~~~~
_ 

lower two curves) .  The lower two
- I curves represent data using dust

ground from two differen t bulk quartz
I N. samnp les. The three uPper traces

~~~~~~~~ correspond to sampling times t 1  11

J mm , t 2 = 27 mm , and t3 = + 7 mm , as
III 
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The lowest two traces refer to spectrophonc mneasurenments made at
times comparable with the approximate time interval from t~’ t o t 3
and should , therefore , be compared with the spectral variations shown
in the predictions for those times. The speetrophone results repre-
sent a number of d i f f e r e n t  measurements  tha t  were all normalized to a
fixed time. The spectrophone signal time decay was removed by period—
ically repeating measurement of the absorption signal at particular
laser lincs. At the longest wavelengths , the absorption fell well
below the ambient air absorption (primarily water), and this stressed
the subtraction process , though not severely. The resulting errors in
measurements of absorption (which are indicated by the spread in the
data points) are larger than practical sensitivity limits because ,
despite the considerable noise Ia the laboratory during these experi-
ments , no spectrophone acoustic isolation additional to that designed
primarily for closed system gaseous absorption nmeasurements was used.

In an~’ case, there is general agreement of the measured and
predicted absorption profiles over the 9.2;.m—iO.8~;m spectral range ,
thoug h si g n i f i c a n t ly  d i f f e rent behavior is obta ined w i t im in  the 9. 2;-m;:—
9. 4s m wavelength reg ion. The upper  absorpt ion s pec t r u m  shown in
Fi gure 5 for  the spec trophone m e a s u r em e n t s  is rep re sc i lt at iv e  of a num-
ber of samp les prepared f r om a blo ck of hui gh p u r i t y  c ry st a l l ine
quar tz .  Some signif icant l y  d i f f e r e n t  beh avior ( e . g.  , a small , sharp
peak at 9. 22 gm shown in the lowest c u r v e )  has been observed for sam-
ples associated w i t h  a n o t h e r  source of quarto .

Spectrop hone measurements of a number of d i f f e r e n t  quar t :
aerosol sampl es prepar ed by the procedures describ ed abov e showed r e—
pea tab il itv  of the t ime and spectral  dep endenci es evident  in Figures
3 and 5.

By contrast w i t h  quar t : :  the  spectral dependence of es lcit.r
is very f l a t  and the absorption qui t e  weak in time 9sm — llsmn wttvelengt i i
reg ion. Spectrop hone measurements of the spectral dependence of cal-
ci te  ag ree well wi th  tha t of spectr op hoto met er results obtained by t i m e
potassium bro mide technique. Because of time weak abs orption , this
common a tmosp heric ingredient was not studi ed fu r t he r .

Ammort ium su l fa te  is also gcnc’ra liv  be l i eved  to be a fre-
quentl y occurr in~ at niosp imeric absorber and , like quart: , is known to
hav e a strong absorption between 9;:m and 10gm. Onc e a g a i n  the
mea s u r eme n t  pr ocess was initiated by grindin g and sieving the coarse—
gra ine d reagent—grade material and d i s p e r s i ng  it w i t h i n  the environ-
mental chamber. The ver y larg e ’ pa r t ic les  a lway s s e t t l e  out q u i c k ly
and the mean pa r t ic le  r adius (and bre a dth  of the size d i s t r i b u t i o n
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with respect to particle radius) becomes smaller with time , thoug h
some deviations from a simple settling process can result due to small
amounts of turbulence in the chamber. This can be seen in the sample
size distribution data of Figure 6 in which the T—values represent
successive times in the settling process. Measurements of the absorp-
tion were again compared with results calculated from the particle
density as a f u n c t i o n  of size showing the degree of correlation over a
continuously changing distribution . Since ammonium sulfate , like
quartz , has a peak absorption at about 9,2~m and a relatively weak
absorption at l0~m , lines from each region were used in the spectro—
phone measurements of absorption as a function of settling time.

- 
. ‘ -: 1

- Figure 6. Part icle size d i s t r ibu t ion  measure-
men ts (shown in units of number/cc/x—interval) vs

- j~ particle size parameter , x 2~ r/\ , Curves 1’—2
- 

~~~~~~~ through T—5 refer to 2—mm samples centered at
- 
9..~, l4~ 4, 20.0 , and 33~0 mm a f t e r  dispersal of

- 
the dust in the environmental chamber. The f i rs t
sample , T—l at 4 ,2  mm showed a heavy concentra—
tion of pa r t i c l e  clusters and was not analyzed.

4 ’

- Figure 7 shows absorption results for these two frequencies ,
both as measured and as calculated in the same manner as for  qua r t z .
Although amxnoniumn sulfate is trirefringent (quartz was birefringent)
the indices do not d i f f e r  markedly. The size distribution data used
in the calculations are shown in the previous f i gu re (6) . Here , the
9. 25~ m result s are in comparatively close agreement , considering the
calculational d i f f i c u l t i e s , thoug h the time dependencies are different.
The lO~ 22 ; ;mn results for  ammonium s u l f a t e  show a d i f f e r e n c e  which
increases wi th  time——to a point .  A consistency which has been noted
fo r time two substances , i .e.,  qua r t z  and amumon ium s u l f a t e , is t hat  the
measured spectral dependencies are greater than the calculated quan-
tities and , further, the measured spectral dependence increases with
time fas ter than predicted and then appears to level off . The theory
indicates that , for any particulate substance , the spectral dependence
becomes independent of particle radius for r’~~\, The size distribu-
t ions of these data approach hut  do not really s a t is fy  this c r i te r ion
even at the largest settling time,
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0~ Figure 7. Absorption coefficients of
- — SPtCTROP~’O$( M~ &SUR~NT S• ammnonium sulfate dust as a funct ion of
• — —. CALC~&AT CO FUOM P&MT~CLC

~~~~ ..o s ’ z~s time after dispersal, as predicted and

c measured with  a spectrophone , for  two

~ 
wavelengths~

Absorption as a function of par—
o \ \ ~~~~~~~~~~ tid e size parameter is plotted in Figure

\ 8 for 9~25gm and 10.22gm to show from what
\ \“\~“~ • 

size range the significant contributions
\ \ ‘\ to the absorption come. For example, at

- \ 9.25gm approximately 80% of the absorp—• \\ —
~~~~~~ 

~~~~~ tion for the first time period is due to
• 

~~~~~~~~~~~~ ~~ particles between 1.2gm and 6.3gm and for
the last time period particles between

o 4~~~~~ IZ ~~~~~~24 2e 3a~~~~ 4o 44 m8~~ 2

T I M E  ~~ - 
1.0gm and 2 .9:~rn contribute about the same

- percentage. Again, at 10.22gm , 80% of the
absorption occurs between l.2um and b.3gm

for the first time period but the radius range is now broader at l.5~-m
to 3,7gm for the last period.

It can be seen from Figure 7 that, particularly for the
l0,22~m calculated absorption, there is considerable fluctuation with
settling time. This apparent sensitivity to details of the size dis-
tribution and wavelength was not encountered for quartz. Evidence of
this sensitivity is also shown in Figure 9~.

~ : :j : 
~~~~~~~ ,. Figure 8. Absorption coeffi—

-‘S ..
— fr ~~~~~~ 

c ’ - 
~~~~~~~ cient per unit size parameter
jr~. . increment as the size param—

‘
~~~. eter for 9.25gm (a) and

‘~ ~~~~~ ~ 10,22gm (b), Differences in
- - 

(,
4 

~~
. form between the two wave—

P4 
- .~ lengths are primarily due to

~ 
• i , the optical constants.

- ,
•,: 

-

‘r A

-
~ -

~~ I - - I 
•,

~ ~ 

-
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- - - 1
Figure 9. Absorption reef I [d ents of
am m o n i u m  s u l fa t e  dust  as a f u n c t i o n  01

~~~ settling time after dispersal (similar

~~~~~ \ to 1”ig. 7) for 9. 25gm but using three
spect rophone chop p ing  f req u e n c i e s .

‘
“~_ s cT.oPHoA~(

0 ~~ ‘~~~~~(A S ~ REU(NTS

This represents another 9 . 2 5 g m  series of
measurements in the environmental chamber.
The spec t rop luone resul ts are c los e  to

~ F • 
those of Figure 7. However , the p r e d ic t e d
absorption is now hi gher thoug h the cor re—
spon ding “differen tial” absurm tion plot
does not a pp ear  s ig n i  f i c a n tl v  dif  t e r en t  in

~~ ~~~ 
‘ f o r m  f r o m  t ha t  of Figure  S.

T INE (mm )

Ano ther aspect of this particulate data  that is of interest
relates to the f a c t  that the data were taken for three different chop-
ping rates. The spectrophones were calibrated for each of these rates
using the ambient w a t e r  vapor absorption. Time response calculations
indica te tha t the  hi gher frequencies should be adequate for the par-
t icle s ize  d i s t r i b u t io n  e n c o u n ter e d , and these data constitute ~mn ex-
per imenta l  check on t h i s  and should indica te  w het h e r  time largest par-
t icles c o n t r i b u t in g  si g n i f i c a n t ly  to the absorp t ion  are w i t h i n  the
spe c t rop hone response tlmc ,~ The smooth curve shown , in f a c t , g iye s  no
evidence of ab so rp t i on  dependence on the chopping f r e q u e n c i e s  used .

The overal l  agreement  between spec t rophone nm easur c :~enLs  and
calculated values f o r  d i s t r i b u ti o n s  of particles that are quite irreg-
ular, e.g., quartz and a m m n e n i u m  s u l f a te , is perhaps surprising consid-
ering t~ue uncertainty associated with the e st i m a t i o n  of the effoctive
c ro s s —s e c t l c n al  areas of the p a r t i c le s .  However , measured s p e c t r a l
depend encies do appear to be greater than pred ic ted . The r e a s o n ( s )
f o r  this may be assoc ia ted  w i t h  the area e s t ima t ion  jus t  mentioned,
If the areas are being overestimated (as is probab ly  the case) , the
spectral dependenc e  would be r educed,  Of course th is w o u l d  also cause
a general decrease in ma ui tu de  of calculated absorption.

These uncertainties unique  to i r r egu la r  p a r t i c l e s  should not
be of concern in measurement of water drop l e t s  t ound in fogg\ ’  and hazy
environments. The spectral dependence otT water absorption in the
9, 2~ nm to lO, ,Sum wavelength range is q u i t e  f l a t  so the p r inc ipa l
question is whe ther  the magn i tudes  by the two me thod s  agree . The 
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i n s t r u m e n t a t i o n, as discussed , g ives several  po in t s  of comparison in
close spat ial  pro x i mm i i ty , i .e.,  the chamber wa te r  vapor  p ar t  i a l  p r e s—
sur e, the total particulate water mass den s i t y,  time number den s i t y  as
a function of si~.e using a commercial particle spec t rometer  and time
spectrop hone spectral absorption values. The water vapor i r e s sur c  in
time chanmber was used to calibra te the spectropimone and is the predomimi—
nant gaseous absorber for the lO; ,m wavelength region——hence dew point
and t emperatu re  mmmeas ur em ,me nt s .  A measurement  of the liquid water con-
tent (L WC) was obtained using the particle spectronmeter as well as
with separate instruments, Time check is an important one because of
c o r r e l a t ions sough t  between meteorcdog [cal parameters and ;mbsurpt ion
values.  Though it is not a very s t r i ngen t  test of time p a r t i c l e
spect rometer  p e r f o rm ar c e , the LWC r e su l t s  Imav e been found to agree
ve ry  well wi th t ime same quan t i t y  as measured w i t h  the p a r t i c l e
simectr ometer .

Since water droplets in fogs tend toward large geomnetric
mean radii , spectrop imone time response is once again being i m m v e s t l —
gated as a function of chopping frequency for drop let distributi ons
from the largest to be encountered in time cimaumber to time smallest.
Calibration of the particle specironmeter with respect to response as a
f u n c t i o n  o rad ius  and for  dens i ty  is c u r r ent l y u n c e r ta i n  and under
investigation.

A number of s pc ct r o p Imo n e  measurements of the wa ter  drop let
absorption have been made and compared wi t i m  ca lcula ted  results  based
on th~ pa r t i c l e  spect rometer  da ta .  These resu l t s  show agreement
wi t im in  about  a f a c t o r  of two . Com impar at ive resul ts  are currentl y being
obtained for a variety of droplet distributions in an a t t e m p t  to cor-
re la te  the absorp t ion  w i t h  simp ler im m e a sur e i m m en ts  in a s i m m i p i c and d i r e c t .
way.

1) t ime t ime th is paper is  presented  specia l l y desi gned
spec t rop lio m m o / p a r t i c i e  s pec t r o m e t e r  svs tens  will have been operated in
a field nmeasurcmnent progr.nim to idemi t I ly a t m o s p h e r i c  e f fe ct s  on hi gh
e m u e r s ’, v lasers and IX) sy s tems  at  WS~IR. Time adaptation of the I a h e r~m—
tory in situ absorption n m eanure i r l en t  svstenms Involves a nu m mi b er  of
desi g m m r e qu ir e nm on t s .  ,\s an ex a m mm p le , low vis ib il  I iv c on d i t i o n s  are of
pr im e  i n t e res t  and , f o r  d u s t y  c o n d i t i o n s , th is  f re q u en t l y  imp lies h i g h
w [mid ~‘eloc i t  ice • Time p roblem a r i s i ng  f r o m  liii s is tha t  tue spec t ro—
pimone m n m m s t  samp le t ime med iumim w i t h o u t  modi t v i i m g  t ime si  ze d i s t r i b u t i o n
or t ime d e n s i t i e s . To cope witim t i me probl em i m , an i n t ake  sy st em b u s e d  on
ca lcula t i o m m s of ,m e r e  and p a r t i cle  dv na nm I cs has been de~ igned t o  mii i  n i —
nu iz e  distort ion of time a tu m osp l ier l  c q u a i m t  it  Lo s .

I
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Anothe r ex.unp h e  Is f o un d  in the r e q i m  I r enment  to pert omni nei m—
s i t  lye aceus  i t ea  l i v  based n o a s u r o men i s  in a h igh  no! no l e v e l  en\’ I ron—
r e n t  • A r e l a t i ve ly  hi g im degree of aco u st  Lea 1 isolat ton is inherent In
time spec t m o p im otm e dos I gn (9)  but fu r  t i me r .m c omms t Ic d .immip ing I or t i m e  in-
t ake  svs  t c m i  has been designed and t en t e d .  Samup he  r en u l  a t or spec t ro—
p hone sy s tems  opera t ing  between 350 and ~‘50 liz ch opp I mug r a t e s  . m m e
shown in Fi gure 10. ‘Iluese m e ch a n i c a l  dampers are  s imp lv in ser ted  1 mm
s e r i es  wi t i i  t ime mm u l c ropimon e in t ime  spec t rop imene nv s  t in ’ . 

~> 401> !~kI 600 ‘tk> 801) 90m ) 1000 1101) m~01)

FREQU(NC~ (F4~ )

1 i ~‘mm re 10 • At t e n u ma t ion of ext m , m m m e o u i ;  ac emis  I l ea  I noise Lw s p e c t r e —
p hone n m e e i ma n  t eal f i i  ~rs l)t’~ I gn range t m o m  1 > 0  t o 7 > 0  II: ’

‘h u t ’ ap p r o a c h  I or  t i m  is nmo ,m ;um eniiu t E1ro~~ a is amm~l im an been to
s m d v  par t ici m late and g_ l ;eous ~mbsor pt ton under rt’ lat iv o Iv cent rolled
condi t  t o m m a  u s i n g  p r o t o t y p e  sI >t c I. r ep im one s a t  ens  .mmmd eer i -e l at  ly e  i~r~~—
d ic ted va limes • On t i m e  bas is  o I the  exp i ’ r i  enc e g.m i iue~i ma k I ng nc - a i m  r i ’—
nei m t  a under l a b o r a t o ry  c om m ~i i t iom l: , S V i m t & ’mfls or I I~ ’ Id  m m m t ’ a n u r c m u t ’ l m L  p ro—

~ r. m ms a l t ’ then  ties I gm~i’d , te s ted and p 1_ .m e eli In se rv i ce

1. : m - a mn , : , W ., I .  i i .  i l h i f I o r ~I , di - . ,  P. A . (h l i e t t e , and I . U.
i~m meet I 1 , [ i l ,’ .~ , I~ ~ pm~l .  ~t e t e o i o I .  , I 1 : - i c) .

l)e Iii is I , .1 • .1 . , I’. ~1. Ftirm mk,mwa , i) . .\. ~ I I lo t te , U • . S e lumi :  t i t

IL .1 . i ’ h m t i  leo mi , W. ~t . Porch , E W . 1~~c, i .,v , . ~i. Item - ui , R. -\ .
R a b i m n t I , .1. F. ‘l\~’it t v , ~nd J. A . We h i m nm.m mm , I~~~ > , .1 . -‘rn~
~~ ‘t  m m ’ ( m ’ I . ,  1
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